Camera-trapping data analyzed with spatially explicit capture-recapture (SCR) models can provide a rigorous method for estimating density of small populations of elusive carnivore species. We sought to develop and evaluate the efficacy of SCR models for estimating density of a presumed low-density bobcat (Lynx rufus) population in fragmented landscapes of west-central Illinois, USA. We analyzed camera-trapping data from 49 camera stations in a 1,458-km 2 area deployed over a 77-day period from 1 February to 18 April 2017. Mean operational time of cameras was 52 days (range = 32-67 days). We captured 23 uniquely identifiable bobcats 113 times and recaptured these same individuals 90 times; 15 of 23 (65.2%) individuals were recaptured at ≥2 camera traps. Total number of bobcat capture events was 139, of which 26 (18.7%) were discarded from analyses because of poor image quality or capture of only a part of an animal in photographs. Of 113 capture events used in analyses, 106 (93.8%) and 7 (6.2%) were classified as positive and tentative identifications, respectively; agreement on tentative identifications of bobcats was high (71.4%) among 3 observers. We photographed bobcats at 36 of 49 (73.5%) camera stations, of which 34 stations were used in analyses. We estimated bobcat density at 1.40 individuals (range = 1.00-2.02)/100 km 2 . Our modeled bobcat density estimates are considerably below previously reported densities (30.5 individuals/ 100 km 2 ) within the state, and among the lowest yet recorded for the species. Nevertheless, use of remote cameras and SCR models was a viable technique for reliably estimating bobcat density across west-central Illinois. Our research establishes ecological benchmarks for understanding potential effects of colonization, habitat fragmentation, and exploitation on future assessments of bobcat density using standardized methodologies that can be compared directly over time. Further application of SCR models that quantify specific costs of animal movements (i.e., least-cost path models) while accounting for landscape connectivity has great utility and relevance for conservation and management of bobcat populations across fragmented Midwestern landscapes.
of cryptic, low-density species, and at low economic cost is an important priority for population management and predicting long-term persistence of small populations subject to annual harvest Crimmins 2010, Clare et al. 2015) .
Bobcats (Lynx rufus) are widespread across North America and population status across most of the current geographic range is stable or increasing Crimmins 2010, Linde et al. 2012) . Nevertheless, population status of bobcats in other regions is unknown or of priority management concern (Soule and Terborgh 1999, Riley et al. 2003 , Litvaitis et al. 2006 . Viewed as an important furbearer of considerable conservation interest, bobcat density varies along a spatial continuum ranging from areas of high abundance in regions of the southern and western United States to pockets of low density in agriculturally dominated Midwestern states (Sunquist and Sunquist 2002, Thornton and Pekins 2015) . In addition, a key conservation issue pertaining to bobcats across Midwestern landscapes is the effect of habitat fragmentation on space use and reliability of abundance estimation methods (Soisalo and Cavalcanti 2006, Ruell et al. 2009 ). Over the past century, fragmentation of North American forested ecosystems has been extensive and particularly evident across Midwestern landscapes (Radeloff et al. 2005) . In Illinois, USA, forested landscapes have been reduced by 64% and currently characterized by young (<61-year-old) forests limited to the southern and western regions of the state (Crocker 2015) . For these reasons, sound estimates of abundance are needed for monitoring the status of bobcat populations, detecting temporal changes in population trends, and promoting appropriate management decisions (Morin et al. 2018) .
Despite widespread distribution of bobcats throughout North America, estimates of abundance are limited and often constrained by the inability to make direct comparisons with previous studies because of nonstandardized methodologies and associated variability in sources of sampling bias (Thornton and Pekins 2015, Morin et al. 2018) . Nevertheless, early attempts to estimate density of bobcats have relied primarily on techniques that lack measures of accuracy and precision, including indices of relative abundance such as trap-nights per individual captured (Wood and Odum 1964, Jenkins et al. 1979) , harvest (O'Brian and Boudreau 1998), snow-tracking (Golden 1995) , mail questionnaires (Anderson 1987) , and scent-station surveys (Linhart and Knowlton 1975 , Johnson and Pelton 1981 , Conner et al. 1983 ); previous studies have identified sex-and age-specific biases in each of these methods (Diefenbach et al. 1994 ). Furthermore, none of these methods considered the spatial context of the data. Thus, expansion of bobcat populations of historically low density and suboptimal habitat are ideally suited for demonstrating the potential utility of increasingly advanced abundance estimation techniques for population monitoring (Morin et al. 2018) .
Closed population models have been used extensively to estimate density and abundance of animal populations from standardized trap arrays that provide information on encounter histories of study animals (Borchers et al. 2002 ).
However, model-derived estimates of population density are difficult to interpret because of uncertainty in what constitutes the effective area sampled by trap arrays (i.e., area from which captured and recaptured individuals are drawn; Royle et al. 2011) . Previous studies have recognized the difficulty in defining the sampling area and included a wide range of ad hoc approaches, including drawing polygons around and buffering trapping arrays. Unfortunately, these approaches are arbitrary and inconsistent among studies, introduce uncertainty into density estimation, and fail to account for spatial heterogeneity in encounter histories among individuals (Royle et al. 2011) . A variety of increasingly sophisticated methods are available for estimating population density from capture-recapture studies (Pollock et al. 1990 , Seber 1992 , Pledger 2000 , Williams et al. 2002 , Efford 2004 ). Among these, spatial capture-recapture (SCR) models (Borchers and Efford 2008 , Royle and Young 2008 , Royle et al. 2011 ) provide a rigorous analytical technique for inference that extends standard closed population models (Otis et al. 1978, Lukacs and Burnham 2005) by including a spatially explicit model that accounts for the distribution of individuals in space (Royle et al. 2011 ). An advantage of SCR models is they rely on spatial information readily available with camera data and use distance between traps and animal activity centers to model spatially explicit (i.e., camera trap) encounter probabilities (Royle et al. 2011) . Spatial capture-recapture models have been used in population density estimation for a range of carnivores, including black bears (Ursus americanus; Gardner et al. 2010a , Wilton et al. 2014 , tigers (Panthera tigris; Royle et al. 2009 ), small cats (Gardner et al. 2010b , Satter et al. 2019 , wolverine (Gulo gulo; Royle et al. 2011), and mink (Mustela vison; Fuller et al. 2016) . Density estimates for small cats are scarcely reported in the published literature; to our knowledge, the only previous applications of spatially explicit capture-recapture models to camera-trap data were by Thornton and Pekins (2015) and Satter et al. (2019) , who reported average density estimates that ranged from 5.6 to 16.3 bobcats/100 km 2 and 7.2-22.7 ocelots (Leopardus pardalis)/100 km 2 , respectively. Morin et al. (2018) extended the application of SCR models to genetic data, and reported density estimates of 5.9-20.3 bobcats/100 km 2 from 2 study sites across Virginia, USA. Nevertheless, additional bobcat density estimates are needed to generate more reliable population-level data to inform ecological questions related to long-term persistence, demography, and more defensible harvest regulations and conservation strategies across fragmented Midwestern landscapes. Thus, our objective was to evaluate the efficacy of spatially explicit capture-recapture models for estimating density of a presumed low-density bobcat population in fragmented landscapes of west-central Illinois.
STUDY AREA
Our study was conducted in a 1,458-km 2 area throughout portions of Hancock and Schuyler counties across westcentral Illinois (Fig. 1) . The region was rural and sparsely populated (3.9 persons/km 2 ; United States Census Bureau 2010). The majority (53.2%) of land across the study site was characterized by row-crop (i.e., corn [Zea mays] and soybeans [Glycine max]) agriculture, whereas remaining acreage constituted forest (27.3%), development (5.2%), wetland (1.1%), and pasture-hay (12.6%; Homer et al. 2015) . Elevation across the region ranged from 130 m to 244 m above sea level (Walker 2001 , Preloger 2002 , Tegeler 2003 . Dominant overstory woody vegetation consisted of white oak (Quercus alba), post oak (Q. stellata), black oak (Q. velutina), and mockernut hickory (Carya tomentosa; Luman et al. 1996) .
METHODS

Camera-trapping
We conducted camera surveys using passive infraredtriggered remote cameras (i.e., Browning Recon Force, Model BTC-7FHD; Prometheus Group, LLC Birmingham, AL, USA). To meet basic assumptions of closed populations, we limited our SCR analysis to data collected during the 2017 breeding season (1 Feb 2017-18 Apr 2017), during which time we also avoided logistical constraints (e.g., land Figure 1 . Bobcat camera-survey grids (10.7 km 2 blocks; thin black lines) were located in a 1,458-km 2 study site (camera-trapping array; thick dashed line situated across portions of Hancock and Schuyler counties) of west-central Illinois, USA, winter 2017. Thick black lines delineate county boundaries and the gray shaded regions within the trapping array denote the spatial distribution (locations) of camera survey grids. Bobcat camera-station locations were selected by overlaying 10.7-km 2 camera-survey grids (light gray shaded areas with boundaries delineated by thick black lines) over the 2011 National Landcover Database imagery (dark gray shaded areas in background) in Hancock and Schuyler counties. Camera station locations (black circles) were placed as close to centroid locations as possible, though varied depending on availability of suitable bobcat habitat (i.e., forested cover). Numbers within camera survey grids represent the number of uniquely identified bobcats at each camera station location and cross-hatched polygons depict locations of 50% home ranges of female bobcats throughout the study area. access issues, vegetation growth, damage to cameras by farming equipment, increased risk of theft) during summer sampling intervals and maximized the likelihood of detecting bobcats during seasonal changes in habitat use (Rolley and Warde 1985, Kamler and Gipson 2000) . Prior to camera deployment, we divided our study site evenly into 10.7-km 2 camera survey units (i.e., approximate area of 50% homerange size for radiocollared female bobcats in west-central IL [E. D. Davis, unpublished data]). Estimated home-range sizes for bobcats across our study area were relatively large compared with previous estimates across Midwestern landscapes (Lovallo and Anderson 1996 , Nielsen and Woolf 2001 , Tucker et al. 2008 . We generated centroid locations for each camera survey unit (hereafter, survey units) and systematically selected 50 survey units. In particular, we navigated to survey unit centroids and selected fine-scale camera station (2 cameras situated on opposite sides of known trails [vehicle, game, human]) locations based on topographic or vegetation features typical of suitable habitat or travel routes (Thornton and Pekins 2015, Alexander and Gese 2018) . In cases when centroid locations were not located in potential habitat (i.e., forested cover; Kolowski and Woolf 2002 , Tucker et al. 2008 , Linde et al. 2012 or along travel routes, we adjusted them by placing cameras in or along the edge of the nearest forested habitat. In instances where survey units consisting primarily of row crop agriculture were selected, we systematically selected the nearest survey units that contained sufficient forest cover to maximize the likelihood that bobcats had a nonzero probability of being captured and spatially recaptured. However, restricted land access necessitated the placement of several camera stations in survey units with limited forested cover ( Fig. 1) . We placed each camera at a height of 0.3 m above ground (i.e., measured to center of lens) and fastened them to wooden surveyor stakes (61 cm × 7.62 cm) or suitable woody vegetation. We positioned each camera approximately 2.3 m perpendicular to the line of travel and ensured that they faced one another. In addition, we offset each camera by approximately 4.6 m to minimize the likelihood of overexposure or blackout events associated with cameras placed directly across from one another along trails (Karanth 1995 , Negrões et al. 2012 , Rovero et al. 2013 ). This configuration increased the chance of obtaining bilateral images of an animal as it passed through a camera station (Kelly et al. 2008 , Foster and Harmsen 2012 , Rovero et al. 2013 , Thornton and Pekins 2015 , Alexander and Gese 2018 . We attached visual attractants (i.e., compact disks) to vegetation out of the field of view of camera stations (Nielsen and McCollough 2009) . We assumed that gross bobcat movements (and thus estimates of space use [i.e., movement] parameters [σ] in SCR analyses) were not appreciably affected by use of visual attractants at camera station locations. We spaced camera stations such that the mean homerange size of a female bobcat (40.4 km 2 ; E. D. Davis, unpublished data) would encompass 4 camera stations (Otis et al. 1978 , Rovero et al. 2013 , Alexander and Gese 2018 , and thus, increase the likelihood that all animals within our study site had some positive probability of capture.
To avoid potential effects of dependence among multiple photographs of bobcats during a single night on density estimation, we considered a capture event as a photograph of an animal at ≥1 camera at a station within a 1-hr time period (Kelly et al. 2008) ; bobcat photographs separated by <1 hr were not considered unique capture events unless ≥2 different individuals were positively identifiable. We sorted individual bobcats into positive identifications (e.g., based on presence of radiocollars, ear tags, or unique pelage marks or spot patterns), tentative identifications, and unidentifiable animals based on poor image quality (Kelly et al. 2008) . For tentative identifications, we conducted further analyses using 2 additional observers to confirm the identity of individuals determined by the primary observer. We were confident that image quality and identifying features for positively identified individuals did not warrant confirmation by multiple observers; thus, analyses of these photographs was limited to the primary observer (Tim C. Swearingen). We attempted to further limit observer bias and misidentification in subsequent capture-recapture estimates, by censoring detection events of all tentative identification photographs without consensus agreement by ≥2 observers (Creel et al. 2003 , Kelly et al. 2008 , Foster and Harmsen 2012 , Clare et al. 2015 . In addition, we discarded tentative capture events only if all associated photographs were classified by all 3 observers as unidentifiable because of poor image quality (Kelly et al. 2008) . When applicable, we used capture photos of previously captured and radiocollared bobcats (n = 13) to aid in uniquely identifying individuals photocaptured at camera stations. When available, we associated sex information with each bobcat in the capture history, and recorded it as unknown for individuals whose sex could not be determined (Satter et al. 2019) . Unfortunately, we obtained too few confirmed photographs (n = 1) of female bobcats, which precluded modeling intersexual variation in space use in capture-recapture detection function parameters (Sandell 1989 , Sollman et al. 2011 .
Data Analyses
We developed SCR models for estimating bobcat density across our study site following Royle et al. (2011) . Unlike classical closed-population capture-recapture models, SCR models formally relate encounters of individuals to where individuals spend time over trapping intervals (Royle et al. 2011) . Thus, individuals that center activities across a defined area over a given period of time should be expected to encounter a trap as a function of the distance between that animal's activity center to the trap (Royle et al. 2011) . Functionally, SCR models are essentially standard, closed population models augmented by a spatial random effect that describes the juxtaposition of individuals within the trap array (Royle et al. 2011) . We conducted Bayesian analyses using Markov-Chain Monte Carlo (MCMC) methods over the region where camera station locations were distributed (i.e., state-space of the point process; Royle et al. 2011 ).
We followed Royle et al. (2011) to define the continuous state space by overlaying the trap array on a rectangular region extending a maximum of 20 km beyond camera traps in each cardinal direction. We scaled the state-space by defining it near the origin and fit models for a range of choices of the rectangular state-space (Royle et al. 2014) . The buffer of the state-space should be sufficiently large to ensure that encountering individuals with activity centers beyond the state-space boundary are minimal (Royle et al. 2014) . To evaluate this, we fit models for various choices of a rectangular state-space based on buffers from 5 km to 20 km (Royle et al. 2014) . We modified the wolvSCR0 function provided in the scrbook package in Program R (R Core Team 2015) and fit models in JAGS using data augmentation with M = 100-150 individuals, a state-space buffer of 1 standardized unit, 3 MCMC chains each of 12,000 total iterations, and discarded the first 2,000 as burnins (Royle et al. 2014) . We related individuals in specific traps to their home-range center (a latent variable) using a bivariate normal distribution of their activities (Royle et al. 2014) . We assessed convergence of MCMC chains to their stationary distributions by visually inspecting time series plots for each monitored parameter and compared R-hat statistics to 1.0 (Gelman and Rubin 1992, Royle et al. 2014) .
RESULTS
Spatially Explicit Capture-Recapture Model and Density Estimates
We deployed 50 camera stations (i.e., 2 cameras/station) in a 1,458-km 2 area over a 77-day period from 1 February to 18 April 2017, of which 49 were used in analyses because of theft of cameras at one station (Fig. 1) . Mean operational time of cameras was 52 days (range = 32-67 days). Total number of bobcat capture events was 139, of which 26 (18.7%) were discarded from analyses because of poor image quality or capture of only a part of an animal in photographs. Of 113 capture events used in analyses, 106 (93.8%) contained high-quality photographs that enabled positive identifications of bobcats; number of photographs obtained per capture event ranged from 1 to 12. Remaining capture events (6.2%) were classified as tentative identifications, of which agreement on identifications of bobcats was high (71.4%) among 3 observers. We photographed bobcats at 36 of 49 (73.5%) camera stations, though 2 stations were removed from analyses because of the inability to positively identify individuals. We captured 23 uniquely identifiable bobcats 113 times and recaptured these same individuals 90 times; 15 of 23 (65.2%) individuals were recaptured at ≥2 camera traps (Table 1) . Individual encounter frequencies ranged from 4 individuals captured 1 time in a single trap to 1 individual captured 17 times in 5 different traps (Table 1) .
For the 5-km continuous state-space model, our analysis revealed a slight effect on the posterior distribution of density because the state-space was not sufficiently large ( Table 2) . However, posterior summary density statistics for the 10-km, 15-km, and 20-km continuous state-space models were identical ( Table 2) . Density estimates were 1.52 and 1.40 bobcats/100 km 2 (posterior medians), though these ranged from 1.00 to 2.02 individuals/100 km 2 ( Table 2) . Our estimate of R-hat was 1.00 for all chains, indicating good model convergence within and between chains.
DISCUSSION Spatially Explicit Capture-Recapture Model and Density Estimates
Our study represents one of the first efforts to incorporate uncertainty in capture-recapture analyses to improve predictive estimates of bobcat abundance across fragmented Midwestern landscapes. In addition, camera-trapping combined with SCR analysis provided a rigorous analytical framework for generating comparable range-wide density estimates for bobcats (Thornton and Pekins 2015) . In the context of previous research, modeled bobcat density across west-central Illinois (1.00-2.02 individuals/100 km 2 ) was far below the mean and median of reported densities (16.2 and 10.0 individuals/ 100 km 2 , respectively) from a range of studies summarized in Thornton and Pekins (2015) , and among the lowest yet recorded for the species. However, most previously reported densities for bobcats were estimated using classical Table 1 . Individual capture frequencies for bobcats captured in camera traps in west-central Illinois, USA, 1 February to 18 April 2017. Rows index unique trap frequencies and columns depict total number of captures (e.g., 4 individuals captured 1 time in 1 trap vs. 1 individual captured 17 times in 5 different traps). Bobcat density estimates were generated using 23 uniquely identifiable individuals, of which 15 were recaptured at ≥2 camera traps. capture-recapture methods, making direct comparisons to SCR-derived estimates complicated (Satter et al. 2019) . In cases for other carnivores, classical capture-recapture methods have reported positively biased density estimates (Soisalo and Cavalcanti 2006 , Dillon and Kelly 2007 , Gerber et al. 2012 , which were likely associated with inadequately estimated movement parameters attributable to small grid sizes and small sample sizes (Satter et al. 2019) ; such may also be the case with previously reported bobcat densities. Outside of Midwestern landscapes, classical capture-recapture methods have estimated the greatest bobcat densities across the Southern Great Plains at 48.0 bobcats/100 km 2 (Heilbrun et al. 2006) , and 39.0 bobcats/100 km 2 in northern California, USA (Larrucea et al. 2007 ). However, 3 recent studies used SCR methods to estimate bobcat density across central Texas, western Virginia, and central Wisconsin, USA, and resulted in bobcat densities ranging from 0.45 to 20.3/100 km 2 , which encompassed our reported density estimates (Clare et al. 2015 , Thornton and Pekins 2015 , Morin et al. 2018 ). Whether the low range of density estimates we report is associated with variation in analytical approaches or reflective of true population differences remains uncertain, though it warrants the use of standardized survey methods and analyses in future studies. Previous bobcat density estimates derived using classical capture-recapture methods could be re-evaluated with SCR models to quantify to what extent they are positively biased given the limitations of such approaches (Satter et al. 2019) . Nevertheless, our ability to estimate density of a medium-sized felid with relatively high precision across fragmented Midwestern landscapes is encouraging, and should increase the confidence and flexibility of using camera-trapping concurrent with SCR modeling for routine monitoring of carnivores across a range of habitat types and animal densities. In addition, camera-trapping combined with SCR modeling could provide a reliable (i.e., standardized) analytical framework for comparing range-wide density data for bobcats from multiple studies, and inform hypotheses regarding range-wide ecological drivers of density (Thornton and Pekins 2015) . We emphasize that our reported density estimates could be used to inform future evaluations of bobcat density derived from consistent survey methodologies, and analyzed in a metaanalytic framework that incorporates regional environmental drivers of bobcat density across fragmented Midwestern landscapes (Thornton and Pekins 2015) . Assessing causative factors for reported low bobcat densities across west-central Illinois are ongoing, though previous studies have documented that habitats characterized by intense cultivation negatively affect movement and distribution of bobcats (Riley et al. 2003 , Ordenana et al. 2010 , Reding et al. 2013 . Additionally, habitat selection studies across the Midwest also indicate that selection for forest cover and avoidance of modified habitats are requisites for site occupancy by bobcats , Preuss and Gehring 2007 , Tucker et al. 2008 , Lesmeister et al. 2015 . Thus, our reported density estimates support the notion that bobcat abundance across our study site may reflect negative associations within highly altered habitats. Presumably, our reported densities also reflect the recent expansion (i.e., recolonization) of bobcats from distant source populations into previously occupied Midwestern landscapes Hubert 1998, Tucker et al. 2008) .
Despite a high rate of success positively identifying photographs from most (76%) bobcat capture events, nearly 20% of our capture events were unusable in analyses primarily because of poor image quality. The relatively high rate of discarded photos is surprising, especially because we followed recommendations of Kelly et al. (2008) by placing cameras relatively short distances (<4 m) apart along known travel corridors to increase the likelihood of obtaining high-quality photos. We acknowledge that discarding inconclusive (i.e., nonusable) images may contribute to negatively biased estimates, though our analyses indicated that SCR models are a viable approach for estimating bobcat abundance across Midwestern landscapes. We emphasize that the range of bobcat densities we reported are conservative estimates, and warrant further investigation aimed at further improving survey designs used in conjunction with SCR analyses. Fortunately, researchers have developed increasingly sophisticated camera survey designs and model advancements to improve precision of estimates, reduce sampling effort, and standardize camera survey methods (Kelly et al. 2008 , Morin et al. 2018 ). These include techniques for improving the identity of individuals from photos (e.g., modifying density, placement and orientation of cameras, minimizing observer bias, use of white flash cameras; Larrucea et al. 2007 , Kelly et al. 2008 , Mendoza et al. 2011 , more rigorous analyses of data from single-side and hybrid camera station designs (McClintock et al. 2013 , Augustine et al. 2018 , and accounting for a proportion of individuals that cannot be positively identified (Rich et al. 2014) . Collectively, these advancements should aid in developing more rigorous camera survey designs and increase confidence and utility of camera-trapping for density estimation of small felids that may be more difficult to detect and positively identify than other larger and more recognizable species (e.g., jaguars [Panthera onca], leopards [Panthera pardus], and tigers) that are commonly used in camera-trap research (Thornton and Pekins 2015) . The flexibility afforded by camera-trap data to conduct multiple analyses (e.g., occupancy, density estimation, activity, habitat selection; George and Crooks 2006 , Heilbrun et al. 2006 , Ordenana et al. 2010 , Royle et al. 2014 , Clare et al. 2015 and greater efficiency of cameras for surveying mammals over other techniques (e.g., hair snares, live trapping; Downey et al. 2007 , Tucker et al. 2008 ) justifies their continued use in carnivore population monitoring. In particular, camera-trap data coupled with SCR analyses may provide substantial information about population demographics for bobcats and other small carnivores that have been poorly surveyed to date (Thornton and Pekins 2015, Satter et al. 2019) .
Our primary concerns regarding the application of SCR models to estimate bobcat density across fragmented landscapes were 1) ensuring that camera survey units were small enough to contain no holes that could completely encompass an animal's home range, thus resulting in a 0 capture probability; 2) meeting assumptions of demographic closure during the camera-trapping period; and 3) meeting assumptions of isotropic (circular shaped) home-range centers that were distributed randomly in Poisson fashion across space (Royle et al. 2011 (Royle et al. , 2013 . We recognize that size of camera survey grids are of considerable importance to ensure that all individuals have a nonzero probability of being captured (Otis et al. 1978 ), but we followed the recommendation of previous researchers by using regional estimates of bobcat home-range size into our study design to guide our camera-trap spacing and configuration of our camera-trapping array (Wallace et al. 2003, Dillon and Kelly 2007) . In addition, our survey grids comprised onefourth of the mean 95% home-range size of female bobcats (n = 15) across our study site (as recommended by Otis et al. 1978) and were largely situated in forested habitats to ensure a nonzero probability of detection during cameratrapping. However, achieving consistent coverage of camera-trapping arrays will remain challenging in field situations because of spatial heterogeneity in individual capture probabilities attributed to logistical constraints (i.e., landowner access), local environmental conditions, and spatial configuration of animal home ranges near the borders of trap arrays across large study areas (Otis et al. 1978 , Royle et al. 2014 . Despite the lack of uniformity in the placement of cameras across our trapping array, our results revealed that obtaining sufficiently large numbers of spatially dispersed capture and recapture events of bobcats across fragmented landscapes was achievable. Further, our trapping period occurred over a relatively short (i.e., 77 days) duration and core-use-area estimates (based on weekly locations) for the majority of our current sample of radiocollared bobcats (n = 13; of which 9 [69.2%] were detected by cameras) were encompassed within our camera-trapping array, further indicating minimal closure assumption violations.
To the extent that nonclosure was present and associated with variability in home range use by transients, such heterogeneity could be modeled as an individual-specific encounter probability that accounts for intraspecific variation in home range size (Royle et al. 2011 ). Most applications of SCR have assumed that animals distribute their activity based on Euclidean distance between activity centers and camera traps and, thus, ignore effects of landscape structure on animal movement, though recent applications of SCR models based on ecological distance have facilitated direct estimates of animal density, space use, and landscape connectivity (Royle et al. 2013 , Sutherland et al. 2015 , Fuller et al. 2016 . Bobcat home ranges across our study site were largely isotropic, but it is possible that space use and movements were constrained by dendritic geometries (e.g., riparian networks, roads) across fragmented landscapes of west-central Illinois, and contributed to low reported density estimates. Nevertheless, we are guardedly optimistic that SCR in combination with camera-trapping provided a technique for obtaining density data for bobcats, which are largely understudied in Midwestern landscapes. Additionally, further extensions of SCR models that account for intrasexual variation in home range size, movements between activity centers, home range shifts due to a range of biological phenomena, and landscape structure and connectivity may account for heterogeneity in individual capture probabilities and improve density estimates of bobcats across Midwestern landscapes (Royle et al. 2011 (Royle et al. , 2013 Satter et al. 2019 ).
MANAGEMENT IMPLICATIONS
Use of SCR models to predict bobcat density (1.00-2.02/ 100 km 2 ) was a viable population estimation technique across fragmented Midwestern landscapes. Our estimate suggests that bobcat density within our study area was lower than abundance estimates reported in neighboring states where harvest is permitted, and subsequently used to justify sciencebased management decisions. Continued expansion of bobcat abundance across Illinois over the past 25 years prompted the reinitiation of regulated harvest concurrent within our study area; thus, our density estimate is timely and may aid in statewide management and conservation of bobcats. Our research has established ecological benchmarks for understanding potential effects of colonization, habitat fragmentation, and exploitation on future assessments of bobcat density using standardized methodologies that can be compared directly over time. For instance, future use of SCR models concurrent with radiotelemetry will provide wildlife managers with direct estimates of density (e.g., to set harvest quotas or bag limits) and finite rates of population increase to better assess whether management goals of reducing, maintaining, or increasing abundance are being met. In addition, modeling density as a function of covariates may aid in identifying habitat types with high potential for occupancy across fragmented Midwestern landscapes, though validation of the densitycamera-trap relationship in other regions that reflect heterogeneity in bobcat densities, habitat composition, photocapture and recapture probabilities, or where alternative survey methods are used is warranted. Further application of SCR models that quantify specific costs of animal movements (i.e., least-cost path models) while accounting for landscape connectivity has great utility and relevance for conservation and management of bobcat populations across fragmented Midwestern landscapes.
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